Two new primer sets of a 766-and a 344-bp fragment were introduced into the conventional Bruce-ladder PCR assay. This novel multiplex PCR assay rapidly and concisely discriminates Brucella canis and Brucella microti from Brucella suis strains and also may differentiate all of the 10 Brucella species.
The alphaproteobacterial genus Brucella consists of 10 (3, 5, 16, 17) . Brucella species show a host preference, but some strains can be transmitted among a variety of animals, including humans (11, 12, 14, 18) .
To accelerate effective prevention and control of brucellosis, a fast and accurate identification method is necessary. Many studies have developed PCR-based assays for the discrimination of Brucella species (2, 4, 7, 8, 10) . Recently, López-Goñi et al. reported that the Bruce-ladder PCR assay could differentiate most Brucella species, including marine mammal and vaccine strains B. abortus S19, B. abortus RB51, and B. melitensis Rev.1 (6, 10, 13) . However, these assays did not solve the problem of erroneous identification of B. canis isolates (such as B. suis) and basic differentiation between two marine mammal Brucella species (B. ceti and B. pinnipedialis) (9, 13, 15) . Therefore, the aim of this study was to develop a fast, simple, and accurate one-step multiplex PCR assay to differentiate 10 Brucella species using 22 reference strains and 106 field isolates in South Korea.
To discriminate between B. canis and B. suis, alignments of their whole-genome sequence or each biovar short-gun sequence were performed extensively using CLC Main Workbench (version 5.7) software (Insilicogen Inc., South Korea). Compared to five biovars of B. suis, a specific 12-bp deleted genetic site was discovered in the BME2 0722 genetic region of B. canis (Fig. 1) . Other Brucella strains, except for B. abortus, did not show this gene deletion. However, in B. abortus, a 94-bp gene deletion that partially consisted of the 12-bp deleted site was detected. The reverse primer site confirmed an extensive 972-bp gene deletion site at BME2 0721 in B. ceti. This deletion site was not found in other Brucella species such as B. pinnipedialis. Based on the results from the alignment, a new primer set of 766 bp was designed to replace the 794-bp fragment of the BME2 436f-435r primer set in the Bruce-ladder PCR assay (10) . This new primer set consisted of 5Ј-CCAACCGTATGTCCTCT CT-3Ј (forward) and 5Ј-TGCGGGAACTGGTGTTCGAC G-3Ј (reverse). Another primer set designed from the BME1 r02 region, which was aligned with 23S rRNA sequences from other Brucella species, was also included for the detection of B. microti (Fig. 2) . The forward primer was designed by a site genetically mutated compared to other Brucella species, and the reverse primer was designed at a 109-bp replacement genetic site of the BME1 r02 region. A distinctive sequence site of 344 bp in B. microti was recognized using the primer set 5Ј-CTACTCAAGGACAACAG GTG-3Ј (forward) and 5Ј-TGTGTCGTTTAAGGCAATAG G-3Ј (reverse). Seven primer sets, except for BME2 436f-435r primer, were synthesized in accordance with the Bruceladder assay as described previously (10) . PCR amplification was performed using 2ϫ PCR premix kit (Cosmo Genetech, South Korea). PCR conditions consisted of an initial denaturing at 95°C for 5 min followed by 30 cycles of 95°C for 30 s, 60°C for 2 min, and 72°C for 1 min, and a final extension at 72°C for 5 min.
As a result, the PCR using the new primer set of 766 bp distinctly discriminated B. canis and B. suis strains (Fig. 3A) . In a multiplex PCR assay including this primer set, B. melitensis (3 biovars), B. suis (5 biovars), B. ovis, B. neotomae, B. pininipedialis, and B. microti were amplified selectively, whereas B. abortus (biovars 1 to 6 and 9, RB51, and S19), B. canis, B. ceti, and B. inopinata reference strains did not generate any amplicons (Fig. 3B) . Also, 76 B. canis strains used in this study unambiguously showed as not being amplified by this specific primer set (data not shown). Therefore, the primer set of the 794-bp fragment in the Bruce-ladder PCR assay was replaced by our novel primer set of 766 bp, which can distinguish B. canis from B. suis strains and could discriminate between B. ceti and B. pinnipedialis reference strains (Fig. 3b) . This novel primer might be used to differentiate between B. ceti and B. pinnipedialis even though it was not applied to marine mammal Brucella isolates.
Audic et al. analyzed the whole-genome sequence of B. microti and reported that the most noticeable difference between B. microti and other Brucella species was in the 23S rRNA gene (1) . Based on this report, a new designed primer set of a 344-bp fragment specifically amplified only B. microti; however, it did not detect other Brucella species and 106 field isolates used this study (Fig. 3B) . Furthermore, the recent B. inopinata strain was distinguished from other Brucella species because of not being amplified by the two new primers as it was by the previously described primer sets (1,071 bp) (13) .
Consequently, the novel multiplex PCR assay was a rapid and robust diagnostic method to discriminate B. canis and B. microti from other Brucella species, including B. suis, in a single step. Moreover, this assay discriminated all 10 Brucella species, including marine mammalian reference strains. This multiplex PCR assay could be readily utilized as a genetic screening tool for Brucella strains isolated from animals and humans, not only for the prevention and control of the disease but also in any microbiology laboratory worldwide. In addition, this assay could contribute to efforts to eradicate brucellosis in underde- 
